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Background: This study analyzed the negative prognostic factors in patients who received second-line chemotherapy 
for advanced inoperable non-small cell lung cancer (NSCLC). 

Methods: We retrospectively reviewed the records of 137 patients with inoperable stage III-IV NSCLC who received 
second-line chemotherapy. The effects of clinical parameters on survival were analyzed and the hazard ratios (HR) for 
mortality were identified by a Cox regression analysis. 

Results: Sex, age older than 65 years, smoking history, cell type, T-stage, best response to first-line chemotherapy and 
first-line chemotherapy regimen were significant negative predictors in univariate analysis. The multivariate analysis 
showed that patients older than 65 years (HR, 1.530; 95% confidence interval [CI], 1.020-2.297), advanced T stage (T4 vs. 
Tl; HR, 2.273; 95% CI, 1.010-5.1 14) and non-responders who showed progression with first-line chemotherapy (HR, 1.530; 
95% CI, 1.063-2.203) had higher HR for death. 

Conclusion: The age factor, T stage and responsiveness to first-line chemotherapy were important factors in predicting 
the outcome of patients with advanced NSCLC who received second-line chemotherapy. The results may help to predict 
outcomes for these patients in the future. 
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Introduction 

Two thirds of lung cancers are diagnosed in late or ad- 
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vanced stages, leading to high mortality rates with unfavor- 
able prognoses 1 . Although chemotherapy for advanced 
lung cancer is known to improve survival and quality of life 
compared with symptomatic treatment, lung cancers usually 
still progress after chemotherapy and are often aggravated 
by treatment-related complications 2,3 . Second-line chemo- 
therapy could be carried out by altering other regimens in 
patients who stop first-line chemotherapy, allowing a greater 
survival rate compared with patients given symptomatic treat- 
ment only 4,5 . However, extension of overall survival (OS) is not 
guaranteed for all patients; some patients suffer from reduced 
survival or are overwhelmed by side effects of chemotherapy. 
Clinical predictors of the relative advantages of chemotherapy 
and likelihood of complications could reduce unnecessary 
medical expenses and prevent unexpected deaths. Although 
the prognostic determinants of first-line chemotherapy have 
been widely studied, relatively few studies have been conduct- 
ed on prognostic determinants of second-line chemotherapy. 
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Reports on clinical factors that affect OS in patients who 
undergo second-line chemotherapy do not clearly agree 6 " 10 . 
Here, we analyzed clinical determinants of survival in second- 
line chemotherapy. 



Materials and Methods 

1. Patients and variables 

This study retrospectively reviewed patients diagnosed 
with stage III-IV non-small cell lung cancer (NSCLC) who re- 
ceived second-line chemotherapy from 2000 to 2009 in Ewha 
University Mokdong Hospital. The study was conducted after 
gaining institutional review board approval (ECT f 2-38A-07). 
We reviewed subjects' records, including sex, age, body mass 
index, smoking, lactate dehydrogenase, albumin, hemoglobin, 
pathology, clinical stage, radiation treatment in chest, regi- 
mens and best response to first-line chemotherapy, adverse 
effect of first-line chemotherapy, regimens of second-line che- 
motherapy, and other baseline demographic parameters. Sur- 
vival period was defined from the date of starting second-line 
chemotherapy to the date of death or last hospital visit before 
May 3 f , 2012, whichever came first. 

2. Treatment discipline 

First-line chemotherapy was based on National Compre- 
hensive Cancer Network guidelines. Patients who progressed 
during first-line chemotherapy or some period after complet- 
ing first-line chemotherapy, or who stopped chemotherapy 
because of adverse effects underwent second-line chemo- 
therapy. Second-line chemotherapy was changed to a cyto- 
toxic duplet regimen, or a cytotoxic single agent parenterally 
or oral tyrosine kinase inhibitor with the consideration of 
patients' clinical conditions and minor status in previous first- 
line chemotherapy. Response to chemotherapy was evaluated 
by the Response Evaluation Criteria in Solid Tumor (RECIST) 
guidelines version l.l 11 . 

3. Statistics 

A Cox regression was used to analyze hazard ratio of death 
for each variables. Multivariate analysis was performed with 
significant variables from the above analysis and estimated 
risk factors. p<0.05 was considered statistically significant. The 
SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) was used for 
statistical analysis. 



Results 

Of total 853 patients confirmed with lung cancer, 748 pa- 



tients were diagnosed with NSCLC. First-line chemotherapy 
was undergone by 275 patients with stage III-IV, pathologi- 
cally proven NSCLC who were inoperable or who had re- 
jected surgery. Second-line chemotherapy was undergone 
by 137 patients who showed progression during first-line 
chemotherapy (n=98), or some time after completing first-line 
chemotherapy (n=7), or who stop receiving chemotherapy 
because of adverse effects, performance, or their own decision 
(n=32) (Figure 1). The median age was 63 years old (range, 
39-86 years); 96 (70%) were male and 41 (30%) were female. 
Adenocarcinoma was the most common cell type (46%), fol- 
lowed by squamous cell carcinoma (34%). Best response to 
first-line chemotherapy was partial remission (PR) in 42% of 
patients, stable disease (SD) in 17%, and progressive disease 
(PD) in 41%. Platinum-based chemotherapeutics were used 
in 49% of patients for second-line chemotherapy. Tyrosine 
kinase inhibitors, pemetrexed, and docetaxel were prescribed 
as single agents (Table 1). 

When we analyzed clinical indicators that affect survival, 
significant variables were sex, age>65 years, smoking, patho- 
logical classification, T-stage, albumin level, and best response 
to first-line chemotherapy in univariate analysis (Table 2). Cox 
regression was analyzed on significant prognostic determi- 
nants of the primary analysis. Patients aged 65 or older had 
1.53 times higher risk of death than those younger than 65 
years (confidence interval [CI], 1.02-2.30; p=0.040). Moreover, 
patients whose best response to first-line chemotherapy was 
PD showed 1.53 times higher risk of death than the SD and PR 
groups (CI, 1.06-2.20; p=0.022). In terms of T stage, stage T4 
presented 2.27 times higher risk than stage Tl (CI, 1.01-5.11; 
p=0.047). 




Non-small cell lung cancer 
(NSCLC) 
748 



Small cell lung cancer 
105 



Stage III-IV NSCLC 
616 



Stage I -II NSCLC 
132 



First-line chemotherapy 
275 
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341 



Second-line chemotherapy 
137 



No second-line chemotherapy 
138 



Figure 1. Flow diagram showing the enrollment process. 
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Table 1. Baseline characteristics of patients 



Variable 


No. (%) 


Male 


96 (70) 


Age 


Median age (range), yr 


63 (39-86) 


>65yr 


59 (43) 


Smoking 


Current smoker 


55 (40) 


Ex-smoker 


28 (21) 


Never smoker 


54 (39) 


Histopathology 


Adenocarcinoma 


63 (46) 


Squamous cell carcinoma 


47 (34) 


Others* 


27 (20) 


Stage (6th edition) 


IIIA 


12(9) 


IIIB 


48 (35) 


IV 


77 (56) 


First-line chemotherapy regimen 


Platinum+gemcitabine 


32 (23) 


Platinum+docetaxel 


19(14) 


Platinum+paclitaxel 


63 (46) 


Platinum+others 


4(3) 


Single regimen 


19(14) 


Best response to first-line chemotherapy 


PR 


58 (42) 


SD 


23(17) 


PD 


56 (41) 


Prior radiotherapy on chest 


33 (34) 


Second-line chemotherapy regimen 


Platinum-based doublets 


67 (49) 


Tyrosine kinase inhibitor 


25 (18) 


Pemetrexed 


14(10) 


Docetaxel 


8(6) 


Others 


23(17) 



Targe cell carcinoma, adenosquamous cell carcinoma, unspeci- 
fied non-small cell carcinoma. 

PR: partial response; SD: stable disease; PD: progressive disease. 



Discussion 

Age over 65 years, T4 tumor stage, and poor response to 
first-line chemotherapy were the most influential predic- 



tors of survival after second-line chemotherapy in this study. 
Second-line chemotherapy is performed in cases of PD dur- 
ing first-line chemotherapy or during follow-up period after 
completing first-line chemotherapy. Although second-line 
chemotherapy is implemented to improve the survival rate 
of cancer patients 2,5 , it can raise the hazard ratio in high risk 
groups 8 . The indication of second-line chemotherapy and se- 
lection of proper chemotherapeutic should be clearly defined, 
which necessitates identification of factors that predict the 
outcome of second-line chemotherapy. Earlier studies report- 
ed poor performance status, advanced clinical stage, longer 
intervals between completion of firstTine chemotherapy and 
initiation of second-line chemotherapy, poor response during 
first-line chemotherapy, male sex, and histological type of non- 
adenocarcinoma as significant prognostic determinants 6 " 9 . 

Our finding that outcomes of second-line chemotherapy 
rely on response to first-line chemotherapy aligned with re- 
sults of previous studies'' 8,10 ' 12 . Di Maio et al.' 10 reported that 
among patients with advanced NSCLC who undergo second- 
line chemotherapy, the hazard ratio of death in patients who 
did not respond to first-line chemotherapy was 1.25, similar to 
the 1.53 in the non-responding group in our study. Response 
to first-line chemotherapy seems to be an important predictor 
of response to second-line chemotherapy. 

Unlike previous smdies, we found higher risk of death in pa- 
tients aged 65 or older than in patients aged younger than 65 
years. Smdies that compared prognosis between younger and 
elderly patients found no significant differences in response, 
time to progression, and OS in elderly patients (i.e., older than 
70 years) compared with younger patients 13 ' 14 . The discrepan- 
cy between our results and the earlier reports might be from 
differences in chemotherapy regimens and clinical setting. El- 
derly patients usually show more hematologic adverse effects 
during cytotoxic chemotherapy 14 . 

Initial clinical stage affects the success of second-line che- 
motherapy' 1 ''' 9 . Our multivariate analysis showed clinical T4 
stage to be a significant risk factor compared with Tl. Initial 
tumor stage appears to be a more important predictor of 
response to second-line chemotherapy than nodal stage or 
presence of metastasis in advanced lung cancer. Previous 
reports found that combination chemotherapy in second-line 
chemotherapy did not increase patients' survival rate, which 
accords with our results 15 " 1 '. 

This smdy had some limitations. It was a single-center retro- 
spective study with a small sample size. During tire enrollment 
period, treatment models and approaches to chemotherapy 
selection changed, especially with the introduction of mo- 
lecular target agents. Although this study did not reflect these 
recent changes, it was analyzed in tire light of mainly cytotoxic 
second-line agents. Additionally, this study did not include 
performance status at the time of second-line chemotherapy 
because of incomplete records. 

Conclusively, age younger than 65 years, early T stage and 
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Table 2. Prognostic factors for mortality by Cox-regression analysis 



Variable 




Univariate analysis 


Multivariate analy 


sis 




HR 


95% CI 


p -value 


HR 


95% CI 


p -value 


Sex 


Female 


Reference 






Reference 








Male 


1.685 


1.149-2.472 


0.005 


1.721 


0.951-3.113 


0.073 


Age, yr 


<65 


Reference 






Reference 








>65 


1.611 


1.126-2.305 


0.009 


1.530 


1.020-2.297 


0.040 


Smoking history 


Never-smoker 


Reference 






Reference 








Ever-smoker 


1.612 


1.111-2.339 


0.012 


0.998 


0.571-1.743 


0.994 


Body mass index, kg/m 2 


> 25.0 


0.865 


0.544-1.377 


0.542 










18.5-24.9 


Reference 














< 18.5 


1.826 


0.968-3.442 


0.063 








Histopathology 


Adenocarcinoma 


Reference 






Reference 








Non-adenocarcinoma 


1.49 


1.047-2.120 


0.027 


1.120 


0.753-1.666 


0.575 


Stage (6th edition) 


IIIA 


Reference 














IIIB 


0.811 


0.426-1.542 


0.522 






. 




IV 


0.900 


0.487-1.664 


0.736 








T stage 


1 


Reference 






Reference 








2 


1.763 


0.771-4.034 


0.179 


1.385 


0.590-3.252 


0.455 




3 


2.153 


0.806-5.748 


0.126 


1.652 


0.587-4.649 


0.342 




4 


2.574 


1.167-5.677 


0.019 


2.273 


1.010-5.114 


0.047 


N stage 


0 


Reference 














1 


1.099 


0.452-2.677 


0.836 










2 


1.327 


0.744-2.369 


0.338 










3 


1.200 


0.689-2.090 


0.520 








M stage 


0 


Reference 














1 


1.081 


0.764-1.528 


0.661 








Hemoglobin, g/dL 


>12 


Reference 






- 








<12 


1 0*70 

l.Z / z 


A 7m O 1 C3 


a Q*7n 






- 


j_,dLiic Uciiyurugeiidac, u/l 


ouu 


Reference 
















L.o I o 


a QCQ O 1 OT 

U.ooo-Z.lrJ / 


a l pc 








xuUUJIllXl) g/LLL 




Reference 






Reference 








<o.o 


1.5.19 


l rt/t a o no 
1.U4U-Z.Z/8 


a aq i 


l.obb 


u.dyb-z.ubo 




Best response to iirst-liiie cnernotnercipy 


PR /cn 


Reference 






Reference 








pn 
II' 


l.bbl 


1 1 CO O Q A A 

1.16Z-Z.o44 


A AA^ 


l.boU 


1 ACQ O OAQ 




A 

Adverse etlect causing cjuit oi lirst-line 
chemotherapy 


AO 


Reference 














Yes 


0.86 


0.491-1.505 


0.597 








Prior chest radiotherapy 


No 


Reference 














Yes 


1.032 


0.664-1.603 


0.888 








First-line chemotherapy 


With platinum 


Reference 






Reference 








Without platinum 


1.907 


1.159-3.137 


0.011 


1.319 


0.756-2.300 


0.330 


Second-line chemotherapy 


Two and more regimens 


Reference 














Single regimen 


1.121 


0.791-1.587 


0.521 









HR: hazard ratio; CI: confidence interval; PR: partial response; SD: stable disease; PD: progressive disease. 
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good therapeutic responsive to initial chemotherapy predict 
favorable outcome of second-line chemotherapy. However, 
determinants of response to salvage chemotherapies should 
be further analyzed in a multicenter study. 
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